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Electron Microscopic Study in Mice after Exposure to Different Antigens 
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In stitute of Pathology, University of Hambllrg, We"I, ·Germany 
Many epithelia respond to exogenous injurious agents 
with an increased proliferation_ Until now interepithelial 
cells (neuroectodermal cells, lymphocytes, cerebriform 
cells and Langerhans ce lls) have been neglected in in-
vestigations of the proliferation kinetics of stratified 
squamous epithelia. In mice with different antigenic ex-
posure, and in T-cell deficient nude mice mitoses in the 
oral epithelium were counted by light microscopy and 
the proportion of mitoses of interepithelial cells was 
determined by an additional ultrastructural analysis. 
NMRI mice raised in "germ-free" and "specific patho-
gen-free" environments exhibit decreased mitotic rates 
in lingual and buccal epithelia (16 mitoses per 1000 basal 
cells) when compared with mice raised in "normal" en-
vironments. NMRI mice exposed orally to Candida albi-
cans exhibit increased mitotic rates in the same 2 epithe-
lial sites (35 mitoses per 1000 basal cells after 2 days) . 
Similar changes occur in athymic nude mice. The elec-
tron microscopic observations showed that most of the 
mitoses occurred among keratinocytes. Only sporadic 
mitoses of nonepithelial cells could be observed within 
the epithelium. However, these amounted to less than 
5% of the total of mitoses. 
Our results show that for proliferation kinetic studies 
of squamous epithelia this low proportion ofinterepithe-
lial mitoses may be negligible. Interepithelial cells ap-
parently recruit mainly from migrating cells into the 
epithelium, while proliferation in situ plays a secondary 
role. As there are no signs of a tt-ansmigration of the 
epithelium by interepithelial cells they must be consid-
ered a recirculating cell population_ 
Many studies have been reported on mitotic activity of 
stratified squamous epithelia under different endogenous and 
exogenous conditions. In most studies an increase in mitotic 
rate immediately after chemical or mechanical i.rritation of the 
epithelium could be observed and mitotic rate was reported to 
be higher in epithelia overlying inflammation from various 
caUS$ [1-11]. On the other hand severe inflammation may also 
suppress mitotic activity [12]. Sohnle and Kirkpatrick [13] who 
studied the epidermis of guinea pigs after exogenous Candida 
albicans exposure observed an increase in mitotic rate. They 
considered this to be due to inflammatory dermal and intra-
epithelial changes. 
Interepithelial lymphocytes a re found in all epithelia . In 
s tratified squamous epithelia other mononuclear cells, espe-
cially Langerhans cells [14] , are also found. An immunological 
function oflymphocytes and Langerhans cells in the epithelium 
has been recognized [15-21). In the monostratified epithelium 
of the intestinal mucosa a high mitotic activity of interepithelial 
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lymphocytes has been observed [22]. The portion of interepi-
t helial mitoses (i.e. , mitoses of interepithelia l cells) in stra tified 
squamous epithelia has not been previously determined, and 
has been neglected in studies of kinetics in proliferation. 
The aim of this study was to investigate the mitotic activity 
of the epithelium of oral mucosa in euthymic and athymic. 
(nude) mice after different antigenic exposures (germ-free, con-
ventionalization, Candida albicans exposure). Mitoses were 
counted by ligh t microscopy and an ul t rastructural analysis was 
carried out to eva luate t he proportion of interepithelial mitoses. 
MATERIALS AND METHODS 
A nimal" 
Male aI~d female NMHI mice and genetically athymic nude mice 
(Zentralinstitu t fur VersuchstierZllcht, Hannover) weighing 12.5 to 33 
gm were used as experimenta l anima ls. Some of the a nima ls which had 
been kept germ-free and speciric pathogen-free were killed immediate ly. 
Other animals were conventionalized and exa mined a ft er 2, 5, 10,20,37 
and 70 days. 
Some of the germ-free and specific pa thogen-free animals wer" 
conventionalized and simultaneously infected orally with c. albicans 
for 2, 5, 10 or 20 days. The cultures of c. albicans were applied to the 
oral mucosa with a glass spatula twice a day. All preparations were 
done at 8.00 AM in order to minimize a possible effect of diurnal cycle 
differences. 
Histologic Methods 
Anima ls were killed by decapitation with a nesthesia (Valium, Roche, 
2.5 mg, i.p.; Ketanest, Parke- Davis, 5 mg, i.m .). Specimens of the lingua l 
and buccal mucosa of each a nimal were rixed in formalin and Carnoy's 
solu tion and embedded in paraffin with the epithelia l surface at right 
angles to the pla ne of section. 3 I'm sections were stained with H&E 
and PAS. 
QlIantitative Evalliation., 
Under the light microscope (1000 x magnirication, oil immersion) a ll 
mitoses within the epi thelium of the lingua l and buccal mucosa were 
coun ted. Only mitoses in metaphase, anaphase and telophase were 
recorded because only these phases can be ident ified wi th certainty. In 
addition the localization of mitoses wi thin the epith elium was deter-
mined (basal, suprabasa l, 1()I" uized higher = from t.he third cell laye r 
upwards). 
The number of basal ce lls was de termined by counting their nuclei 
with a projection microscope (Visopan , Reichert) . In each animal the 
epithelium over a mean length of 7,000 basal ce lls (5,500 in t he lingua l 
mucosa and 1,500 in the buccal mucosa) was evaluated. Altogether 
353,960 basal cells were coun ted. 
Mathematical Evaluatioll s 
Student's t-test and Mann and Whitney's U-test were used for 
statistica l a na lysis. P values of 0.05 or less were considered significant. 
Electron Microscopic In vestigations 
Tissue specimens of the cheek and tongue were taken under anes-
thesia, immersed in fixation fluid and immedia tely cut into I mm" 
cubes. Further preparation was done according to Dalton [23] and Luft. 
[24,25]' Afte r dehydration in ascending a lcohol concentra tions the 
specimens were embedded in Epon 8 12. The selection of blocks con-
ta ining epithelium was done from toluidine blue-stained semi thin sec-
tions. Ultrathin sec tions were made of unselected a reas of the epithe-
lium and contrasted with a lcoholic uranyl acetate. All interepithe lia l 
cells and mitoses were documented photographically and classified . 
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RESULTS 
1. Light Microscopy 
Epithelial alterations of the lingual and buccal mucosa after 
oral c. albicans exposure consisted in a moderate acanthosis 
and hyperkeratosis. After 5 days a superficial invasion of the 
stratum corneum by c. albicans could be observed. The major-
ity of mitoses was found in the basal cell layer in all groups of 
animals examined; often they appeared in small clusters. In the 
epithelium of the tongue mucosa dividing cells were frequent at 
the t ips of the rete ridges. A light microscopic differentiation 
between epithelial and interepithelial cells in mitosis is impos-
sible. Keratinocytes during mitosis are surrounded by a bright 
clear ring. This ring is due to a reduced content of tonofibrils 
and fewer desmosomes. The same phenomenon is characteristic 
for interepithelial cells during interphase and due to the lack of 
tonofibrils or desmosomes. A distinction between lymphocytes 
and dendritic interepithelial cells on the basis of their different 
shape of cells and nuclei is difficult even during in terphase. For 
such distinction, an additional ul trastructural analysis is re-
quired. 
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II. Quantitative Light Microscopic Investigations 
The results of the light microscopic count are listed in Tables 
I and II. We found comparable values in euthymic and athymic 
mice reared germ-free as well as specific pathogen-free. After 
conventionalization mitotic count increased, but there were 
considerable variations of values. We did not fmd any differ-
ences between lingual and buccal mucosa. 
After additional oral c. albicans exposure mitotic count 
increased significantly (p < 0.002). This increase was present 
by the 2nd day. There was a decrease of the mitotic count after 
the 10th day. We could not observe any differences between 
euthymic and athymic mice exposed to c. albicans, just as no 
differences were seen after conventionalization. Nude mice re-
acted to oral antigenic stimulation with an increased prolifera-
tion of epithelia, as did normal animals. 
The distribution of the light microscopically counted mitoses 
in the epithelium was: 92.5% basal, 7.4% suprabasal and 0.1% 
localized higher. Again, differences between tongue and buccal 
mucosa were not present. The proportion of suprabasal mitoses 
was somewhat higher in mice exposed to c. albicans than in 
TABLE 1. Number and localization of intraepithelial mitoses per 1,000 basal cells in the lingual mucosa related to the different groups of 
experimental animals 
Animals n" M ±SD/ 
Basal 
NMRI germ-fTee 3 18 ± 4 97.0 
NMRI SPF 4 17 ± 5 94 .0 
NMRI convent. 9 28 ± 15 93.4 
nu/nu germ-free 3 15 ± 3 93.4 
nu / nu 8PF 5' 13 ± 6 93.3 
nu /nu convent. 7 26 ± 17 94.6 
Candida albicans 
exposure (NMRl) 
2 Days 3 32 ± 16 91.0 
5 Days 4 37 ± 5 91.3 
10 Days 5 48 ± 10 88.0 
20 Days 4 39 ± 7 90.6 
Candida albicans 
exposure (nu / nu) 
2 Days 58 90 
5 Days 40 89 
10 Days 38 86 
20 Days 29 84 
" n = number of a nimals per group. 
" M = mean values and 8D = standard deviation. 
< For technical reasons the tongue could only be evaluated in 5 out of 6 anima ls in this group . 
Localization (%) 
Supra basal 
3.0 
6.0 
6.6 
6.6 
6.7 
5.2 
9.0 
8.4 
11.8 
7.8 
10 
11 
13 
16 
Higher 
0.2 
0.4 
0.2 
1.5 
TABLE n. Number and localization of intraepitheiial mitoses pel' 1,000 basal cells in the buccal mucosa related to the different groups of 
experimental animals 
Animals n Il M±.D" 
Localization (%) 
Basal Suprabasal Higher 
NMRI germ-free 3 17 ± 4 96.8 3.2 
NMRI SPF 4 19 ± 3 98 .0 2.0 
NMRI convent. 9 32 ± 8 93.2 6.8 
nu/ nu germ-free 3 15 ± 3 93.2 6.8 
nu/nu 8PF 6 15 ± 7 95.0 5.0 
nu/ nu convent. 7 22 ± 13 89.9 10.1 
Candida albicans 
exposure. (NMRI) 
2 Days 3 35 ± 16 93.1 6.9 
5 Days 4 31 ± 7 87.8 12.2 
10 Days 5 38 ± 10 80.8 17.7 1.4 
20 Days 4 36 ± 10 87.8 12.2 
Candida albicans 
exposure (nu! nu) 
2 Days 35 99 
5 Days 1 44 83 17 
10 Days 1 59 100 
20 Days 1 29 94 6 
" n - number of animals per group. 
b M = mean values and SD = standard deviation. 
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genn-free and specific pathogen-free animals, and it seems 
remarkable that we were able to observe mitoses above the 2nd 
cell layer nearly exclusively in mice exposed to c. albicans. 
III. Electron Microscopic Investigations 
keratinocytes. However, desmosomes were reduced and 
matic tonofibrils and desmosomal connections with adjacent 
shortened in comparison with keratinocytes during interphase. 
Insert ions of tonofibrils into t he attachment plaques were ma rk-
edly reduced as well as the tonofibrils in general. 
Our light microscopIC observatlOns III regard to localization 
and grouping of mitoses in the epithelium were confirmed by 
the ultrastructural investigations. In the electron microscopic 
samples a total of 3.025 interepithelial cells was found . In the 
same material 59 mitoses were documented. 57 of these showed 
t he features of dividing keratinocytes (Fig 1) : intracytoplas-
Only 2 of 59 documented mitoses showed no desmosomes 
and tonofibrils so t hat a classification as in terepit helial cells in 
mitosis seemed justified (Fig 2). Since the configu ration of cell 
and nucleus cannot serve as identification mark during mitosis, 
a distinction between lymphocytic cells and Langerhans cells 
was not possible, as La ngerha ns (Bu'beck) granules were not 
present in t he mitotic cells. 
TABLE III. T ests of significance 
NMRI germ·free NMRI convent. NMRI cando + SPF" 
Lingual mucosa M ± S D b 18 ± 4 28 ± 15 40 ± 10' 
nu/ nu germ-free 
nu/ nu convent. nu/ nu cando + SPF 
M±SD 14 ± 5 27 ± 17 41 ± 12' 
NMRI germ-free NMRI convent. NMRI cando + SPF 
Buccal mucosa M ±SD 18 ± 3 32 ±8' 35 ± 11 ' 
nu/ nu germ-free Ilu / nll co nvent.. nu/ nu ca ndo + SPF 
M±SD 15 ± 6 22 ± 13 42 ± 13 ' 
" SPF = specific pathogen-free. 
b M = mean, SD = standard deviation. 
Asterisks denote a statisticaUy significant difference between means (I-test, p < 0.05). 
FIG l. A basal keratll10cyte of the buccal 1T.1lcosa in mi tosis. The chromatin (C ) is dispersed in the cytoplasm, a nuclear membrane is lacking. 
T he ceU can be identified as a keratinocyte by a few periphera l bundles of tonofila ments (T) and scarce dcsmosomal connect ions (circles ) to the 
adjacent keratinocytes (K). The basement membrane (EM) of the mi totic cell is indistinct (between Ct./TOWS ) , (x 87(0 ) scale bar = 1,1. 
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FIG 2. Mitotic cell (C= chromatin) in the basal layer without the characteristics of keratinocytes. In the cytoplasm are a few mitochondria. 
profIles of rough endopiasmatic reticulum and many ribosomes and polyribosomes. Tonofibrils and desmosomes are lackmg. The cell IS separated 
from the stroma (STR) by ·cytoplasmatic processes of the adjacent keratinocytes (K) with few tonofibnls (7') and desmosomes. In the VICll1lty a 
suprabasal small interepitheliallymphocyte (L Y) is situated. Euthymic NMRI mouse (SPF). (x 8600) scale bar = 1 J1.. 
DISCUSSION 
The light microscopic count of the total of mitoses within t.he 
epithelium showed that mitotic count depends on the quality 
and duration of antigenic exposure: We could not find signifi-
cant differences of mitotic count between the epithelium of the 
buccal mucosa and the lingual mucosa, nor between ventral 
and dorsal ~urface ofthe tongue. as assumed by various authors 
[9,26]. . 
In germ-free animals a very moderate mitotic count of 16 
mitoses per 1,000 basal cells was found. This ~esul~ is in accord-
ance with observations of a reduced prohferatlOn of other 
epithelia in germ-free mice [27,28]. Our experimental animals 
showed maximal values after oral c. albicans exposure, the 
mitotic count increasing to values 2 times the initial value 
already by the 2nd day and 3 times the initial value after 10 
days (42 mitoses per 1,000 basal cells). 
After conventionalization (i.e., rearing in "normal" environ-
ment) of .previously germ-free animals the increase of mitotic 
count was less but also significant. There WaS a mean of 26 
mitoses per i.ooo basal cells in the lingual epithelium as well as 
in the buccal mucosa. 
A ·prompt increase of mitotic count after irritation of the 
epithelium by the fust and second day was observed by several 
al.!thors [2.4.7.111 and is consistent with our ·observations. Com-
parable results were obtained by Mackenzie and Miles [8] and 
Schmid, Hornstein, and Popp [9]. who investigated the reac-
tions of oral mucosa to continued mechanical irritation. They 
also observed a quick increase with following decrease of the 
mitotic rate. Schmid, Hornstein. and Popp [9] thought that the 
restoration of homeostasis could be explained by an adaptation 
of stratified squamous epithelia to stress situations by a thick-
ening of epithelium (acanthosis, hyperkeratosis). In a moderate 
degree this was the case also in our experimental animals. 
Sohnle and Kirkpatrick [13] observed a greater increase of 
epidermal mitotic rate after exposure to c. albicans in sensitized 
animals than in nonirnrnune animals and interpreted aug-
mented scaling of the epidermis as an important "clearance 
function." However, they assumed delayed type hypersensitiv-
ity to have an important function in provoking a stimulation of 
basal cells by an increased inflammatory reaction. 
We found no significant difference between mitotic count in 
euthymic and athymic animals. After antigenic exposure max-
imal values in either group of animals were frequently reached 
after 1 or 2 days. Thereafter in conventionalized nude mice a 
continuous decrease of mitoses until day 37 was observed with 
a subsequent increase, possibly due to general mucosal inflam-
mation at this time. An interdependence between specific i)n-
munological (T cell-dependent) defense and the nonspecific 
mucosal defense mechanisms (increased proliferation and scal-
ing) does not seem to exist. In a parallel study [29] we could 
show that subepithelial lymphocytes of the oral mucosa do not 
significantly increase until day 5 of oral fungal exposure. Since 
the increase of mitotic count after antigenic exposure in this 
study preceded the formation of subepithelial inflammation, we 
believe that this inflammatory infiltration is not the sole cause 
of increased epithelial proliferation. 
Jones and Russell [10] assumed the inflammatory changes of 
all epithelial layers and of the subepithelial stroma in oral 
candidosis to be due to substances ·released from the disinte-
grating mycelia. These substances could be the cause of in-
creased mitotic activity by damaging the cell membranes with 
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subsequent decrease of intraepithelial cha lone concentration 
(i.e., tissue-specific mitotic inhibitors) [30,31]; after prolonged 
exposure infla mmatory inftl tration migh t amplify this process. 
In most of the numerous investigations of prolife ration kinet-
ics of stratified squamous epithelia interepithelial cells (neu-
roectodermal cells, lymphocytes, cerebriform cells, La ngerhans 
cells; [32,33]) have not been taken into account. Ultrastruc-
turally, we found 2 out of a total of 59 mitoses of interepithelial 
cells . These could not be identified more exactly. P roba bly they 
do not belong to neuroectodermal cells as no meianosomes, 
Merkel cell granules or desmosomes were observed. Also mela -
nocytes are not found wit hin murine oral mucosa [34] and 
Merkel cells are extremely rare [33]. Most proba bly the inter-
epithelial mitoses are those of lymphocytes or Langerhans cells; 
however, Langerhans granules were not present. As less tha n 
5% of all mitoses wi t hin the epit helium turned out to be mi toses 
of interepithelial cells, they might indeed be negligible in the 
study of prolifera tion kinetics of stratified squa mous epit helia. 
However, for the understa nding of function and kinetics of 
interepi thelia l cells this proof of a moderate local proliferation 
is of importa nce. 
Mackenzie [35] and Potten [36] also reported a low mitot ic 
rate of Langerhans cells in comparison wi th keratinocytes. On 
the other ha nd, a migration of mature Langerhans cells across 
the basement membrane was rarely observed by us a nd other 
authors. This favors the concept that Langerha ns cells mostly 
migrate into stratified squamous epithelia as immature progen-
itor cells-possibly as a special group of lymphocytes [33]. On 
the other hand neither Langerha ns cells nor lymphocytes are 
fo und in considerable number a bove the second epithelial cell 
layer and are almost never found in the stratum corneum or' in 
a state of disintegration wit hin t he epi thelium. So a tra nsmi-
gration of the epithelium with loss of these cells or local necrosis 
are improbable. It seems reasona ble to suppose that interepi-
thelial cells are a recirculating cell population in excha nge with 
cells of the local lymph nodes, where Lange rha ns cells ar e found 
in the T -cell area. A cooperation in recogni t ion of exogenous 
antigens and in subsequent defense reaction is probable. 
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